Dihydrodipicolinate synthase (DHDPS) is critical to the production of lysine through the diaminopimelate (DAP) pathway. Elucidation of the function, regulation and structure of this key class I aldolase has been the focus of considerable study in recent years, given that the dapA gene encoding DHDPS has been found to be essential to bacteria and plants. Allosteric inhibition by lysine is observed for DHDPS from plants and some bacterial species, the latter requiring a histidine or glutamate at position 56 (Escherichia coli numbering) over a basic amino acid. Structurally, two DHDPS monomers form the active site, which binds pyruvate and (S)-aspartate β-semialdehyde, with most dimers further dimerising to form a tetrameric arrangement around a solvent-filled centre cavity. The architecture and behaviour of these dimer-of-dimers is explored in detail, including biophysical studies utilising analytical ultracentrifugation, small-angle X-ray scattering and macromolecular crystallography that show bacterial DHDPS tetramers adopt a head-to-head quaternary structure, compared to the back-to-back arrangement observed for plant DHDPS enzymes. Finally, the potential role of pyruvate in providing substrate-mediated stabilisation of DHDPS is considered.
which is a critical component of the crosslinking network in the bacterial cell wall (Atkinson et al. 2012a; Dogovski et al. 2009 Dogovski et al. , 2012 Hutton et al. 2007 ; Soares da Costa et al. 2015) .
Four different routes of the DAP pathway have been discovered (Dogovski et al. 2012) . They all share the same reactions at the beginning and end of the pathway, but differ in the intermediate steps depending on the species (Dogovski et al. 2012) (Fig. 1) . All DAP sub-pathways commence with the condensation reaction between pyruvate and (S)-aspartate β-semialdehyde [(S)-ASA)] to form (4S)-4-hydroxy-2,3,4,5-tetrahydro-(2S)-dipicolinic acid (HTPA) (Dogovski et al. 2009 (Dogovski et al. , 2012 Soares da Costa et al. 2015) . This is the first committed and rate-limiting step of the DAP pathway catalysed by DHDPS (Dogovski et al. 2009 (Dogovski et al. , 2012 Soares da Costa et al. 2015) (Fig. 1) . HTPA is then reduced by dihydrodipicolinate reductase in an NADPH-dependent reaction to yield 2,3,4,5-tetrahydrodipicolinate (THDP) (Dommaraju et al. 2011; Girish et al. 2008) (Fig. 1 ). From this point on, the DAP pathway diverges into four sub-pathways, namely the succinylase, acetylase, dehydrogenase and aminotransferase pathways (Dogovski et al. 2009 (Dogovski et al. , 2012 Hutton et al. 2007) (Fig. 1) . These four alternative sub-pathways all converge for the final step of the DAP pathway involving the diaminopimelate decarboxylase (DAPDC)-catalysed decarboxylation of meso-DAP to produce lysine (Peverelli et al. 2016; Ray et al. 2002) (Fig. 1) . Lysine also regulates flux through the pathway by binding allosterically to DHDPS and inhibiting the enzyme from plants and some bacterial species, which will be discussed in the section entitled Allosteric regulation.
DHDPS
Gene and protein nomenclature dapA gene DHDPS is the product of the dapA gene (Dogovski et al. 2009 (Dogovski et al. , 2012 . The gene was initially mapped in Escherichia coli in 1971 (Bukhari and Taylor 1971) and first cloned in 1986 (Richaud et al. 1986 ). In contrast to other enzymes in the DAP pathway, the expression of dapA in E. coli was not found to be regulated by cellular free lysine levels or any other stimuli (Butour et al. 1974 ). In the last three decades, the dapA gene has been cloned and sequenced from a variety of other bacterial (Atkinson et al. 2011 (Atkinson et al. , 2012a Chen et al. 1993; Cremer et al. 1988; Devenish et al. 2009; Dommaraju et al. 2010; Evans et al. 2011; García-Rodríguez et al. 2000; Girish et al. 2008; Gunji et al. 2004; Kaur et al. 2011; Pisabarro et al. 1993; Siddiqui et al. 2013; Skovpen and Palmer 2013; Wolterink-van Loo et al. 2008; Wubben et al. 2010 ) and plant species (Atkinson et al. 2011 (Atkinson et al. , 2014 Frisch et al. 1991; Ghislain et al. 1995; Kaneko et al. 1990; Silk et al. 1994; Vauterin and Jacobs 1994) . Typically, bacteria have a single dapA gene that is 800-900 bp, whereas plants have two annotated dapA genes consisting of~1000 bp each. Gene duplication of dapA and other biosynthetic pathway genes in plants is prevalent as a means to enhance metabolic flux in vivo (Panchy et al. 2016) . Sequence similarity at the amino acid level is high among plant enzymes, whereas bacterial enzymes appear to be more divergent (Blickling et al. 1997a; Cremer et al. 1988; Gunji et al. 2004; Kaneko et al. 1990; Mirwaldt et al. 1995; Pisabarro et al. 1993) .
Essentiality of dapA
Gene knockout studies have shown that dapA is essential in a number of bacterial species, including Salmonella typhimurium (Becker et al. 2006) , Bacillus subtilis (Kobayashi et al. 2003) , E. coli (Gerdes et al. 2003) , Staphylococcus aureus (Forsyth et al. 2002) and Streptococcus pneumoniae ). However, a recent study demonstrated that a dapA knockout in Pseudomonas aeruginosa results in no change in bacterial counts or virulence (Kaur et al. 2011) . Interestingly, unlike other bacteria, there are four annotated dapA genes in the P. aeruginosa genome, of which two contain all the residues required for DHDPS function. Thus, the essentiality of these putative dapA genes for the survival of this bacterium remains to be elucidated. . HTPA is subsequently reduced by dihydrodipicolinate reductase (DHDPR) to form 2,3,4,5-tetrahydrodipicolinate (THDP), which is then converted via one of four sub-pathways depending on the species to meso-2,6-DAP (meso-DAP). Lysine is then formed by the decarboxylation of meso-DAP by diaminopimelate decarboxylase (DAPDC). The pathway is regulated by feedback inhibition by lysine, which binds allosterically to DHDPS
The dapA gene has also been shown to be essential to plants. In Arabidopsis thaliana, double dapA gene knockouts results in lethality even after exogenous feeding with lysine (Jones-Held et al. 2012) . The single-gene knockouts indicate that dapA1 contributes 30% towards the total DHDPS activity in A. thaliana, whereas dapA2 contributes 70% of the total activity (Jones-Held et al. 2012) .
Due to the essentiality of the dapA gene to both bacteria and plants, and its absence in humans, DHDPS has been studied extensively as a target for the development of antibiotics and herbicides (Hutton et al. 2007; Mitsakos et al. 2008) . However, the current status of anti-DHDPS inhibitors will not be discussed here.
DHDPS protein
DHDPS activity was first observed in 1965 from E. coli cell lysates (Yugari and Gilvarg 1965) and, five years later, the enzyme was purified to homogeneity (Shedlarski and Gilvarg 1970) . Replacement of the substrates with closely related compounds resulted in a significant decrease in activity, suggesting that DHDPS specifically turns over pyruvate and (S)-ASA (Wolterink-van Loo et al. 2008 ).
Function and regulation
Aldolase family DHDPS belongs to the class I aldolase sub-family of the (β/α) 8 -barrel proteins, whose members also include Nacetylneuraminate lyase, trans-o-hydroxybenzylidenepyruvate hydratase-aldolase, D-5-keto-4-deoxyglucarate dehydratase, trans-2′-carboxybenzalpyruvate hydratase aldolase and D-2-keto-3-deoxygluconate aldolases (Aghaie et al. 2008; Barbosa et al. 2000; Gefflaut et al. 1995; Izard et al. 1994; Lawrence et al. 1997; Soares da Costa et al. 2017; Theodossis et al. 2004) . These enzymes catalyse different reactions on separate biochemical pathways, but they all have common structural features. It has been proposed that class I aldolases share a unifying step in their reaction pathway, namely the Schiff base formation between a strictly conserved lysine residue and the C2 carbon of the common α-keto acid moiety of the substrate (Fullerton et al. 2006; Gefflaut et al. 1995; Soares da Costa et al. 2015) .
Reaction mechanism
The DHDPS-catalysed reaction proceeds via a typical pingpong mechanism, in which pyruvate binds to the active site, first forming a covalent enzyme-substrate intermediate, resulting in the release of a protonated water molecule (Blickling et al. 1997b; Dogovski et al. 2009 Dogovski et al. , 2012 Laber et al. 1992 ). (S)-ASA then binds in the active site and condenses with the bound pyruvate intermediate to form the heterocyclic product, HTPA (Blickling et al. 1997b; Laber et al. 1992) (Fig. 2 ). Studies performed using isothermal titration calorimetry confirmed that (S)-ASA does not interact with DHDPS in the absence of a Schiff base with pyruvate .
The Schiff base formation is initiated by nucleophilic attack of the ε-amino group of a highly conserved lysine residue (Lys161 in E. coli DHDPS) to the keto carbon of pyruvate via a tetrahedral transition state (Laber et al. 1992) . A catalytic triad (Thr44, Tyr133 and Tyr107, E. coli numbering) has been proposed to transfer protons to and from the active site through a water-filled channel leading to bulk solvent (Dobson et al. 2004 ). The Schiff base (imine) is converted to its enamine form to allow (S)-ASA to bind and undergo an aldol-like condensation reaction, leading to cyclisation and the release of the product, HTPA (Laber et al. 1992 ).
Allosteric regulation
As described in the section entitled DAP pathway, DHDPS represents a key point of regulation in the DAP pathway. This occurs via a classic feedback inhibition mechanism by the final product of the pathway, lysine (Fig. 1 ). This phenomenon has been investigated in several plants, Gram-negative and Gram-positive bacterial species. In general, plant DHDPS enzymes are highly sensitive to lysine inhibition, with IC 50 values between 10 and 50 μM (Atkinson et al. 2013; Dereppe et al. 1992; Frisch et al. 1991; Griffin et al. 2012; Kumpaisal et al. 1987; Matthews and Widholm 1979; Wallsgrove and Mazelis 1980) . It is, therefore, not surprising that lysine is one of the most limiting amino acids in plants (Frizzi et al. 2008; Ufaz and Galili 2008) . In contrast, bacterial DHDPS are moderately inhibited by lysine, with IC 50 values ranging from 53 μM to 1 mM (Bakhiet et al. 1984; Christensen et al. 2016; Devenish et al. 2009; Joerger et al. 2003; Laber et al. 1992; Skovpen and Palmer 2013; Soares da Costa et al. 2010; Tam et al. 2004; Yugari and Gilvarg 1965) .
Interestingly, not all bacterial DHDPS enzymes are subject to allosteric inhibition (Dogovski et al. 2009 (Dogovski et al. , 2012 Soares da Costa et al. 2015) . The original accepted dogma suggested that DHDPS from Gram-negative bacteria were inhibited by lysine (Bakhiet et al. 1984; Devenish et al. 2009; Dobson et al. 2005; Joerger et al. 2003; Kaur et al. 2011; Laber et al. 1992 ; Fig. 2 Schematic of the DHDPS-catalysed reaction. Shown is the condensation of pyruvate and (S)-ASA to form HTPA and water catalysed by DHDPS (EC 4.3.3.7) Skovpen and Palmer 2013; Soares da Costa et al. 2010; Tam et al. 2004; Yugari and Gilvarg 1965) , whereas those from Gram-positive bacteria were thought to be insensitive to allosteric inhibition (Burgess et al. 2008a; Cahyanto et al. 2006; Cremer et al. 1988; Domigan et al. 2009; Halling and Stahly 1976; Voss et al. 2010; Webster and Lechowich 1970; Yamakura et al. 1974) . Recently, this dogma has been dispelled by the discovery that DHDPS from some Gramnegative species, including the enzyme from the pathogen Legionella pneumophila, lack allosteric inhibition by lysine, whilst DHDPS enzymes from some Gram-positive species, including S. pneumoniae, are inhibited by lysine (Soares da ). This prompted a re-evaluation of the original dogma and has led to the identification of a key residue at position 56 (E. coli numbering) that defines lysine-mediated allostery in DHDPS (Soares da . The presence of a histidine or glutamate at position 56 imbues allosteric inhibition, whereas the presence of a basic residue results in no inhibition (Soares da ).
Structure
The first DHDPS structure was determined by Mirwaldt, Korndorfer and Huber in 1995 (Mirwaldt et al. 1995) . Since then, there have been more than 75 structures determined from approximately 25 bacterial species and three plant species [refer to the Protein Data Bank (PDB)]. Most of the DHDPS enzymes exist as a homotetramer in both crystal structure and solution. This section will explore the architectural diversity of DHDPS enzymes, starting with a description of the subunit structure.
TIM-barrel
Each monomer in DHDPS is composed of two distinct domains (Dobson et al. 2005; Mirwaldt et al. 1995) . The amino-terminal domain adopts a (β/α) 8 -or TIM-barrel, with the active site located at the centre of the barrel (Dobson et al. 2005; Mirwaldt et al. 1995) . The carboxyl-terminal domain forms three α-helices that contain key residues mediating tetramerisation (Dobson et al. 2005; Mirwaldt et al. 1995) .
Active site
The active site is located in cavities formed by two monomers of the dimer (Mirwaldt et al. 1995) (Fig. 3a) . The Schiff base forming Lys161 residue is found within the β-barrel adjacent to the catalytic triad, comprised of the residues Thr44, Tyr107 and Tyr133 (E. coli numbering), that acts as a proton shuttle (Blickling et al. 1997b ). The carboxyl group of the bound pyruvate orientates towards Thr44 and Ty133. Thr44 forms a hydrogen bonding network with Tyr133 and Tyr107, which is critical for Schiff base formation and cyclisation (Dobson et al. 2005) . Tyr133 acts as a proton donor during Schiff base formation and also accepts a proton while coordinating the amino group of (S)-ASA (Dobson et al. 2005) . Tyr107 interdigitates across the dimerisation interface between adjacent subunits to complete the catalytic triad (Dobson et al. 2005 ). Arg138, located at the entrance to the active site cavity, plays a major role in binding the carboxyl group of (S)-ASA, as demonstrated by mutagenesis studies (Blickling et al. 1997b; Dobson et al. 2005) , and also mediates entry of pyruvate into the active site as demonstrated by molecular dynamics simulations (Gordon et al. 2016 ).
Allosteric site
In the allosteric binding site, two lysine molecules bind in a bis-conformation, with the side chain ε-amino groups projecting away from each other (Dobson et al. 2005) (Fig.  3b) . Lysine has been shown to be a partial inhibitor of DHDPS at saturating concentrations (Yugari and Gilvarg 1965) . Isothermal titration calorimetry experiments indicate that lysine binding is cooperative, as the second molecule interacts more tightly than the first one (Atkinson et al. 2013; MuscroftTaylor et al. 2010; Phenix and Palmer 2008) .
Structural analyses allow the mapping of key residues forming interactions with the allosteric ligand, namely (Fig. 3b) . In most DHDPS crystal structures, there is very little conformational change associated with lysine binding. Therefore, the mechanism of lysine-mediated allosteric inhibition has not been fully understood (Dobson et al. 2005) . Recently, studies performed by Atkinson et al. (2013) on Vitis vinifera DHDPS in the presence of lysine has shed some light onto this mechanism (Atkinson et al. 2013) . Upon ligand binding, a shift on the hydroxyl group of Tyr131 (Tyr106 in E. coli numbering) is observed towards the carboxyl group of lysine. This re-orientation has been proposed to disrupt the hydrophobic stack this residue makes with the interdigitating catalytic triad Tyr132 (Tyr107 in E. coli numbering) from the adjacent monomer, leading to a disruption of the proton relay (Atkinson et al. 2013 ).
Dimeric versus tetrameric DHDPS
Most DHDPS enzymes from bacteria adopt a tetrameric structure or a dimer-of-dimers, consisting of a tight-dimer interface between two monomers and a weak-dimer interface with hydrogen bonds and non-covalent interactions (Dobson et al. 2005; Griffin et al. 2008 Griffin et al. , 2010 Perugini et al. 2005) (Fig. 4a) . Each of the four monomers has contacts with only two neighbouring monomers, resulting in a large solvent-filled cavity in the centre of the tetramer (Dobson et al. 2005) . The active site is located within the (β/α) 8 -barrel and the allosteric site at the tight-dimer interface, at the top and bottom of the tetramer (Dobson et al. 2005) (Fig. 4a) . The buttressing of the two dimers together to form the homotetrameric structure has been proposed to stabilise the tight-dimer interface, including the key active site residues (Griffin et al. 2008 (Griffin et al. , 2010 Voss et al. 2010) .
In E. coli DHDPS, 1400 Å 2 of surface area from one monomer in each dimer is buried at the tight-dimer interface (Dobson et al. 2005 ). This interface is made up of 25 residues from each monomer, with hydrogen bonds formed between Ser111 and Cys141, and hydrophobic interactions between Leu51 and Ala81, among others (Dobson et al. 2005) . In addition, Tyr107 of one monomer is coordinated with Tyr106 from the other monomer, interdigitating across the tight-dimer interface and, thus, forming a hydrophobic, sandwich-like stacking of aromatic rings. The importance of Tyr107 at this interface has been demonstrated, with mutations resulting in a monomeric species in equilibrium with the tetramer .
The weak-dimer interface associates via two isologous interfaces formed between corresponding monomers (Dobson et al. 2005; Griffin et al. 2008 Griffin et al. , 2010 Voss et al. 2010 ). The interface is stabilised by hydrophobic contacts between Leu167, Thr168 and Leu197 (E. coli numbering) (Mirwaldt et al. 1995) . The importance of Leu197 at the interface has been demonstrated, with mutations to an aspartate or tyrosine resulting in a dimeric species with reduced enzyme activity and attenuated binding to pyruvate (Griffin et al. 2008) . Interestingly, the crystal structures for both mutants were determined with the substrate analogue α-ketoglutarate covalently trapped in the active site, which was not added during the enzyme preparation (Griffin et al. 2008) . Small-angle X-ray scattering (SAXS) analysis further confirmed that these mutants were dimers in solutions, but also demonstrated differences between the solution and crystal structures as assessed by an interatomic distance profile comparison (Griffin et al. 2008) . It has been proposed that these deviations and a reduction in substrate specificity can be attributed to an increase in 'breathing motion' associated with the movement between the subunits in the dimeric enzymes (Griffin et al. 2008) . Additional mutations to Asn196, Asp193 and Asn234 in the weak-dimer interface have also been shown to destabilise the tetrameric structure (Griffin et al. 2010) .
Interestingly, the DHDPS enzymes from S. aureus (Burgess et al. 2008a) (Fig. 4b) and P. aeruginosa (Kaur et al. 2011 ) have been crystallised as dimers with enzymatic activity that is equivalent to tetrameric orthologues. Absorbance-detected sedimentation velocity experiments conducted on S. aureus DHDPS indicates that enzyme exists as a 4.2 S dimeric species (Demeler and van Holde 2004; Van Holde and Weischet 1978) , compared to the typical 7.0 S tetramer calculated for DHDPS enzymes from B. anthracis (Voss et al. 2010 ), E. coli (Burgess et al. 2008a ) and S. pneumoniae . Additional sedimentation velocity experiments equipped with a fluorescence detection system (Nelson et al. 2016) indicates that Alexa Fluor 488 labelled S. aureus DHDPS in the presence of the substrate, pyruvate, sediments with a s 20,W value of 4.0 S, consistent with the DHDPS dimer (Perugini et al. 2005) . Computational analysis of the S. aureus crystal structure using PISA software (Krissinel and Henrick 2007) demonstrates that the dimer interface has a greater proportion of buried surface area and incorporates more non-covalent contacts compared to the tight-dimer interface of tetrameric orthologues (Burgess et al. 2008b ). For P. aeruginosa DHDPS, the dimer is yet to be confirmed in solution, but the crystal structure also contains an increased number of interactions at the dimer interface, which correlates to an increase in the buried surface area (Kaur et al. 2011) . The data for these two dimeric enzymes indicate that they have evolved an alternative mechanism to overcome increased dynamics in the dimeric unit and, therefore, do not require tetramerisation to increase stability and maintain catalytic activity (Burgess et al. 2008a; Soares da Costa et al. 2015) .
Architecture diversity between bacterial and plant DHDPS
The structures of all tetrameric bacterial DHDPS enzymes determined to date have been formed by the buttressing of the two tight dimers in a 'head-to-head' configuration (Fig. 4a) . As described in the previous section, the active site is located within the (β/α) 8 -barrel of each monomer and the allosteric site is located at the tight-dimer interface, such that lysine binding sites are found at the top and bottom of the bacterial tetramer (Dobson et al. 2005; Voss et al. 2010) (Fig. 4a) . Similarly, plant DHDPS structures are also homotetramers. However, they have an alternative dimer-of-dimers arrangement that can be described as a 'back-to-back' conformation (Fig. 4c) . In this conformation, the active site is still located within the (β/α) 8 -barrel, but the allosteric cleft in the tight-dimer interface is located in the interior of the structure (Atkinson et al. 2012b; Blickling et al. 1997a; Griffin et al. 2012) (Fig. 4c) . The self-association to form a 'head-to-head' or 'back-to-back' dimer-of-dimers has been proposed by Griffin et al. (2008 Griffin et al. ( , 2010 to be a mechanism of reducing the 'breathing motion' at the tight-dimer interface and stabilise the enzyme.
Confirmation of quaternary architectures in solution
Biophysical experiments have been employed to validate the diverse quaternary architectures observed for the DHDPS crystal structures. Atkinson et al. (2012b) initially set out to confirm the 'back-to-back' tetrameric conformation observed for the plant orthologues by characterising V. vinifera DHDPS using sedimentation velocity experiments. Two-dimensional spectrum (Brookes et al. 2010 ) and van Holde-Weischet (Demeler and van Holde 2004; Van Holde and Weischet 1978) analyses yielded a s 20,W value of 7.3 S, indicative of a tetramer in solution (Atkinson et al. 2012b) . SAXS analyses show that the scattering profile for plant DHDPS overlayed well with the theoretical profile computed from the crystal structure (χ 2 v = 1.5), but a poor fit resulted when the theoretical scattering profile derived from B. anthracis DHDPS structure was overlayed with the experimental data (χ 2 v = 7) (Atkinson et al. 2012b ). This study provided the first evidence that the 'back-to-back' dimer-of-dimers exists in solution and, therefore, cannot be attributed to crystal packing artefacts. To further confirm the differences in quaternary architecture observed between the structures of the bacterial and plant orthologues, scattering data for B. anthracis DHDPS was fitted to both the theoretical profile derived from the crystal structure of the enzyme and also to V. vinifera DHDPS (Atkinson et al. 2012b) . Indeed, the experimental data fit more closely to that derived from the theoretical scattering profile of the bacterial crystal structure (χ 2 v = 1.2) compared to the plant orthologue (χ 2 v = 6.3) (Atkinson et al. 2012b ). These data demonstrate that the different DHDPS quaternary architectures are also observed in solution.
Pyruvate stabilisation
Pyruvate has been shown to stabilise the structure of DHDPS enzymes (Burgess et al. 2008a; Gordon et al. 2016; Voss et al. 2010) . For B. anthracis DHDPS, sedimentation equilibrium analyses demonstrated that the addition of pyruvate results in stabilisation of the tetrameric form with a 3-fold tighter tetramerisation dissociation constant compared to the apo enzyme (Voss et al. 2010) . Utilising PISA analysis (Krissinel and Henrick 2007) , comparison of the tetramerisation interface of pyruvate-bound B. anthracis DHDPS structure to the apo form showed a significant increase in the buried surface area at the weak-dimer interface (~90 Å 2 ) (Voss et al. 2010 ). Additionally, the side chains of the active site residues orientate closer to one another, suggesting that pyruvate binding primes the catalytic triad residues for proton relay (Voss et al. 2010) .
Similarly, in S. aureus DHDPS, the dimerisation dissociation constant is significantly tighter in the presence of pyruvate (Burgess et al. 2008a) . Moreover, sedimentation equilibrium data generated in the AU-FDS were globally fitted to the monomer-dimer model, resulting in a dimerisation dissociation constant of 33 nM for the unliganded enzyme, compared to 1.6 nM in the presence of pyruvate (Burgess et al. 2008a ). However, the dimerisation dissociation constant was unchanged in the presence of the other DHDPS substrate, (S)-ASA (Burgess et al. 2008a) .
It remains to be seen whether substrate-mediated stabilisation is a more global phenomenon. It is speculated that, similarly to oligomerisation, pyruvate stabilisation has evolved to reduce protein dynamics, thus optimising the activity of DHDPS (Soares da Costa et al. 2015) .
Conclusions
Here, we review the biophysical studies that have characterised the structure, function and regulation of the essential bacterial and plant enzyme, dihydrodipicolinate synthase. Studies to date show that, although DHDPS orthologues from bacteria and plants catalyse the same function, they are quite diverse in terms of allosteric regulation and quaternary structure architecture. This has provided insight into the molecular evolution of the enzyme and is informing the development of DHDPSspecific inhibitors as potential antibiotic and/or herbicide agents.
